labor progression in obese women are not yet clear. We hypothesize that these mechanisms may also be responsible for delaying or inhibiting spontaneous labor onset, resulting in the prolonged gestations observed in obese women. To better understand this phenomenon, we compared the rates of spontaneous labor onset and outcomes between obese and nonobese women at early term and term.
Study Design
This was a secondary analysis of a retrospective cohort of all women who delivered a liveborn infant at the Washington University Medical Center in St. Louis, MO, between April 2004 and April 2010. The Washington University in St. Louis Human Research Protection Office approved this study. Inclusion criteria were a singleton pregnancy, gestational age 37 weeks and 0 day and admission for delivery. Women who did not have height or weight data were excluded from the analysis (n ¼ 343, 2.8% of total cohort).
Trained obstetric research nurses abstracted detailed demographic information, obstetric, gynecologic, prenatal, medical and surgical histories, antepartum history, and labor and delivery course. Gestational age was based on the woman's last menstrual period or first ultrasound. 13 Body mass index (BMI) was calculated using patient weight and height at the time of admission for delivery. The cohort was divided into two groups: obese women with a BMI 30 kg/m 2 and nonobese women with a BMI < 30 kg/m 2 . Admission diagnoses were dichotomized as spontaneous labor or scheduled delivery, which included scheduled indicated and elective inductions and cesarean deliveries. Women presenting with premature rupture of membranes were included in the induction group unless they were spontaneously laboring at the time of presentation. We performed a subanalysis including all women with premature rupture of membranes in the spontaneous labor group. A low-risk cohort was then selected from the overall cohort by excluding all women with a diagnosis of diabetes (gestational or pregestational), chronic hypertension, gestational hypertension, or preeclampsia on admission. Baseline characteristics were estimated for the entire cohort and compared between obese and nonobese women using the Mann-Whitney's U test and chi-square test for continuous and categorical variables, respectively. The rates of spontaneous labor and scheduled delivery at each gestational week were calculated by dividing the number of events that occurred within the week by the number of women who remained pregnant at the beginning of that gestational week. The rates of spontaneous labor and scheduled delivery were compared between obese and nonobese women within the entire cohort and then within the low-risk cohort.
Further analyses were performed within the low-risk cohort. BMI was stratified into five categories, and multivariable logistic regression was used to determine the relationship between BMI and odds of spontaneous labor at each week of gestation. Other variables included in the models were race, parity, macrosomia, history of prior cesarean delivery, advanced maternal age, and smoking history. The variables included in the models were selected based on factors previously shown to affect rates of spontaneous labor or induction and significant differences identified in the univariate analyses. Advanced maternal age and smoking history did not remain significant after a backward stepwise logistic regression was performed and were not included in the final model. Model fit was assessed with the Hosmer-Lemeshow's goodness-of-fit test.
14 Finally, the rates of vaginal delivery, augmentation, and completion of the first stage of labor were compared between the obese and nonobese groups among women who presented in spontaneous labor. All analyses patients meeting inclusion criteria were analyzed; no a priori sample size estimation was performed. Analyses were completed using STATA 12.0 software package.
Results
There were 11,752 women who met inclusion criteria. Of these, 5,007 (42.6%) had a BMI < 30 kg/m 2 and 6,745 (57.4%) had a BMI 30 kg/m 2 . On average, obese women were older; however, the proportion of patients with advanced maternal age ( 35 years) did not differ significantly between the obese and nonobese groups. Obese women were more likely to be African American, multiparous, and have maternal comorbidities including hypertensive disorders and diabetes (►Table 1).
Obese women had lower rates of spontaneous labor onset than nonobese women at every gestational week 37 weeks. In addition, obese women had higher rates of scheduled deliveries than nonobese women at every gestational age (►Table 2). In the low-risk cohort, we found that the trend in spontaneous labor onset persisted at all gestational ages, with obese women having significantly lower rates of spontaneous labor at 37 to 41 weeks. In contrast, the rates of scheduled deliveries did not significantly differ between nonobese and obese women at 37 and 38 weeks (4.6 vs. 4.6% at 37 weeks, p ¼ 0.90; 7.1 vs. 7.2% at 38 weeks, p ¼ 0.82). At 39 weeks, the rates of scheduled delivery continued to be significantly higher among obese compared with nonobese women in this subanalysis (►Table 3).
The low-risk cohort was then additionally stratified into five BMI subgroups and a multivariable logistic regression was used to determine the odds of spontaneous labor. These analyses were adjusted for nulliparity, African American race, macrosomia, and history of prior cesarean delivery. At 37 to 39 weeks, every subgroup of BMI 25 kg/m 2 was associated with a lower likelihood of spontaneous labor onset compared with normal weight women (BMI < 25 kg/m 2 ) (►Table 4). As BMI increased, the odds of spontaneous labor progressively decreased. Women with a BMI 40 kg/m 2 were significantly less likely to experience spontaneous labor at all gestational ages. At 41 weeks, the rates of spontaneous labor were not significantly different between women with BMI 25 to 39.9 kg/m 2 and women with a BMI < 25 kg/m 2 . However, women with a BMI 40 kg/m 2 still had a significantly lower rate of spontaneous labor onset at 41 weeks.
Finally, we analyzed labor progression and the effects of labor augmentation with oxytocin among all women who presented in spontaneous labor (►Table 5). At 37 to 40 weeks of gestation, obese women presenting in spontaneous labor were less likely to have a vaginal delivery (83.0 vs. 88.8%, p < 0.001) and more likely to have their labor augmented with oxytocin (49.8 vs. 42.8%, p < 0.001) than nonobese women. Similarly, among those whose labor was augmented, obesity was still associated with lower rates of completing the first stage of labor and achieving a vaginal delivery. At 41 weeks of gestation, there was no significant difference in the rates of vaginal delivery between the two groups overall and among those who were augmented.
Conclusion
In this large cohort study, we found that obese women are less likely to experience spontaneous labor at or after 37 weeks. According to prior studies, obese women, on average, have longer gestations with a higher proportion of obese women having late-term ( 41 weeks) and postterm ( 42 weeks) pregnancies. 2, 3, 7, 15 Our study expands on these findings by showing that spontaneous labor onset is less likely to occur at all gestational ages in obese women at term. Obesity has been associated with a slower first stage of labor, higher rates of labor arrest disorders, and an increased risk of induction failure. 5, [10] [11] [12] 16 These previous studies suggest that there is a general ineffectiveness of labor progression in obese women. In support of this, we also observed a lower rate of vaginal delivery among obese women who presented in spontaneous labor prior to 41 weeks and this trend persisted among those whose labor was augmented with oxytocin. We propose that the decrease in spontaneous labor onset observed in our study, and others, involves some of the same mechanisms that contribute to labor dystocia in obese women. While mechanistic studies are still few, there are reports of increased oxytocin requirements with higher cumulative doses of oxytocin used in obese women in the setting of augmentation or induction. [17] [18] [19] In addition, in vitro models have suggested abnormal contractility in myometrial samples from obese women. 19 Specific mechanisms responsible for parturition and labor dysfunction have also been proposed and warrant further study to help guide management of labor and develop better interventions for obese women. The differences in vaginal delivery rates and response to augmentation were not significantly different between Abbreviations: BMI, body mass index; EGA, estimated gestational age. Note: Data are n (%), unless otherwise specified. Maternal age is presented as median (interquartile range). Missing n ¼ 1 infant weight 4,000 g.
obese and nonobese women at 41 weeks. Specifically, our results show a marked decrease in the rate of vaginal deliveries among nonobese women at 41 weeks (►Table 5). Previous studies have shown that overall cesarean delivery rates increase with gestational age for both spontaneous and induced labors, 20 and myometrium from women delivering at > 41 weeks has been shown to be less contractile in vitro than myometrium from those delivering at 39 to 41 weeks. 21 The similar rates of vaginal delivery rates and response to oxytocin augmentation between obese and nonobese women at 41 weeks appear to be a result of increasing cesarean rates among the nonobese women, blunting the effects of obesity. While this finding is limited by the lower number of patients at this gestational age, possibly reflecting type 2 error, it is important to consider as it may suggest two separate mechanisms responsible for labor dystocia. It will be important to differentiate these mechanisms in future studies. Some strengths of our study include its large sample size and high proportion of obese women (57%). Recent work from Hermesch et al reported a decreased proportion of spontaneous labor among women with higher BMI across all gestational ages. 22 Our work validates their findings in a more modern cohort and expands to look at progression to vaginal delivery among spontaneously laboring women. In addition to the inherent limitations of our retrospective and nonrandomized study design, one of the biggest limitations in our study is the confounding of results by scheduled deliveries. Since obese women are known to have higher rates of labor induction, 11, 12 it can be hypothesized that the overall lower rate of spontaneous delivery may be a result of increased indications for induction prior to the onset of spontaneous labor. To account for this potential confounder, we performed further analyses using a low-risk cohort, excluding women with hypertensive disorders and diabetes. Interestingly, at 37 to 38 weeks in the low-risk cohort, obese and nonobese women had similar rates of scheduled deliveries, but the obese women still had significantly lower rates of spontaneous labor onset, suggesting that factors other than comorbidity-indicated deliveries are responsible for the observed decrease in spontaneous labor onset. Additional selective bias may stem from altered labor management practices in obese women and the possibility of subjective factors affecting provider decision making. Continuous electronic fetal heart monitoring using Doppler ultrasonography is more challenging and less accurate in obese women, which may contribute to a lower threshold for interventions. 23 In addition, while studies have shown a prolonged labor curve in obese women, there are no standard recommendations for defining labor arrest in this population which may lead to over diagnosis, contributing to higher rates of augmentation and cesarean delivery in this population.
10,24
Perhaps, the two strongest implications of lower spontaneous labor rates in obese women are the higher rates of postterm pregnancies and need for labor induction. Longer gestations have been associated with increased perinatal complications including macrosomia, fetal heart rate abnormalities leading to operative or cesarean deliveries, lower Apgar scores, higher rates of intensive care unit admissions, and obesity is a risk factor for failed induction. 16 Obese women have increased morbidity with cesarean deliveries, most notably wound complications, making this population even more susceptible to the morbidity associated with increased cesarean rates. 30 However, future studies are needed to investigate whether induction of labor in the obese population increases the cesarean delivery rate compared with expectant management.
In conclusion, our study shows that obese women at or beyond 37 weeks are less likely to experience spontaneous labor compared with nonobese women. In addition, obese women presenting in spontaneous labor are less likely than nonobese women to have a vaginal delivery, even after oxytocin augmentation. Further studies are needed to determine the optimal management of pregnancies in obese women that balances the competing risks of postterm pregnancy and labor induction.
Condensation
Obese women are less likely to experience spontaneous labor and vaginal delivery after 37 weeks compared with nonobese women.
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